The data suggest cautious optimism on the phosphorusreduction program and bring major municipal discharges into compliance with a 1.0 mg/L phosphorus limitation on effluent. As a result of the phosphorus abatement program, annual phosphorus loadings from US and Canadian municipal dischargers were reduced by 84%-from 15,260 tons in 1972 to 2449 tons in 1985 (IJC 1987) . During this time, the reduction in phosphorus entering Lake Erie from another major source, the Detroit River, which itself received municipal discharges, declined 68%-from 12,000 tons to 3796 tons (Fraser 1987 , IJC 1987 . As a result of these decreased phosphorus loadings and those associated with other tributaries, ambient offshore phosphorus concentrations have steadily decreased (Figure 2d ; DePinto et al. 1986) .
A second management practice implemented in Lake Erie during the 1970s involved the fishery resources. During the last century, dramatic changes in the composition of the Lake Erie fish community have occurred, including the decline of some of the most desirable and economically valuable species due to overexploitation and habitat deterioration (Hartman 1972 programs, has the functioning of the pelagic ecosystem been restored and has the quality of Lake Erie's water improved? To assess the current status of the Lake Erie ecosystem and the interaction of top-down and bottom-up controls, samples for water chemistry, phytoplankton, and zooplankton were collected from several offshore sites in Lake Erie (Figure 1 ) during 24 cruises in the spring, summer, and autumn from 1983 to 1985.
The lake Lake Erie is 92 km wide at its widest point, 388 km long, and has a surface area of approximately 25,690 km2. It is the shallowest, southernmost, and warmest of the Great Lakes and is the twelfth largest lake in the world. Discharges from Lake Superior, Lake Michigan, and Lake Huron drain into Lake Erie through the Detroit River. The annual average flow of the Detroit River represents approximately 95% of the total inflow to Lake Erie (Hartman 1972) . Lake Erie drains into Lake Ontario through the Niagara River.
Of ecological importance is the natural geological division of Lake Erie into three basins-western, central, and eastern (Figure 1) . Because of the shallow depth of the western basin (average depth 7.4 m) and its proximity to large urban centers such as Detroit and Toledo, this basin is highly vulnerable to change caused by human activities. Unlike the smaller western basin (13% of the total lake surface area), the large central basin (63% of the 
Phytoplankton
The phosphorus-reduction plan was implemented specifically to reduce the nutrient that most controlled the growth of phytoplankton and thereby reduce the level of algal biomass below that of a nuisance condition. Consequently, a successful program would be reflected by decreased phytoplankton biomass and chlorophyll a levels in the water. Since the implementation of the phosphorus-abatement program, two limited historical comparisons of phytoplankton biomass in Lake Erie have been reported. The first observed that a decline (42%) in nearshore phytoplankton biomass of the western basin occurred between 1967 and 1975 (Nichols et al. 1977 ). Because of concerns over phytoplankton preserva- 
Zooplankton
In addition to phytoplankton, species composition and abundance of Crustacea and Rotifera are believed to reflect the trophic status of a lake (Gannon and Stemberger 1978) . Within the Crustacea, the suborder Calanoida is primarily made up of filter-feeding organisms more common in oligotrophic conditions, the suborder Cyclopoida is made up of non-filter-feeders, and the suborder Cladocera is made up of filter feeders more common in eutrophic waters.
The ratio of biomass of calanoid copepods to biomass of cyclopoid copepods plus cladocerans, the zoo- 
Trophic interactions
In an aquatic ecosystem dominated by large and efficient herbivores, such as D. pulicaria and Daphnia galeata mentodae, a grazing effect on phytoplankton would be expected. Each year in the annual succession of the zooplankton, the plankton community of Lake Erie changes from one dominated by rotifers and copepods in the spring to rotifers, copepods, and cladocerans, including large Daphnia species, in the summer. In Lake Erie in 1985, phytoplankton biomass during the summer was inversely correlated with crustacean size (r = -0.81), Daphnia biomass (r = -0.63), and Calanoida biomass (r = -0.67; Figure 5) .
However, biomass of filamentous algae (mostly blue-greens) was positively correlated with Daphnia (r = 0.98) and Calanoida biomass (r = 0.92); i.e., biomass of potentially inedible filamentous algae increased to 17% of the total algal biomass during the summer compared to less than 1.5% in the spring and autumn (Figure 5) . 1985) , of size-structured plankton communities that predict shifts to small algae at low biomass of small grazers and shifts to larger algae as grazer size or biomass increase. However, the shifts in algal size and biomass reported here in Lake Erie are changes that occur each summer and do not necessarily represent permanent shifts in size structure of the algal community. The mechanism for the decrease in algal biomass may be similar to that for the spring "clear-water" phase described in some temperate lakes and experimentally shown to be caused by high Daphnia biomass (Lampert et al. 1986 ).
Top-down and bottom-up control of phytoplankton can be inferred from data on a short-term basis. Correlation coefficients of phytoplankton abundance versus total phosphorus and zooplankton abundance for each cruise on Lake Erie in 1984 are presented in Table 1 . For each cruise, 11 stations were sampled covering the entire length of the lake over a twoday period in 1985. Interpretation of the correlations is as follows: a negative correlation between a zooplankton group and phytoplankton implies grazing pressure on phytoplankton, whereas a positive correlation between total phosphorus and phytoplankton abundance suggests an enhancement of phytoplankton abundance due to phosphorus.
All correlations (Table 1) were positive in April, suggesting that bottom-up effects were influencing the Table 1 . Simple correlation (r) of phytoplankton abundance with total phosphorus concentrations and zooplankton abundance within individual cruises in Lake Erie, 1985. NO, not observed. Kosower's discussion of the structure and function of these complex molecules has direct implications for such areas as molecular neurobiology, jF< ^ i y t^jju"S~ bioorganic chemistry, and drug design.
